Osmium tetroxide postfixation in relation to the crosslinkage and spatial organization of stereocilia in the guinea-pig cochlea.
Guinea-pig cochleae were fixed in glutaraldehyde, followed by short (30 s), intermediate (3 min) or long (24 h) periods of postfixation in 1% osmium tetroxide. The hair cells of the organ of Corti were examined by scanning electron microscopy. Following short periods of postfixation in osmium tetroxide, the preservation of crosslinks between the stereocilia could be enhanced, compared to the picture seen without postfixation. Moreover, in many cases the stereocilia parted slightly, revealing many lateral links between the stereocilia, which were otherwise hidden. The tip of each shorter stereocilium on a hair cell gave rise to a single, vertically pointing link, which ran upwards to the taller stereocilium of the adjacent row on the hair cell. It is suggested that distortion of such links is associated with sensory transduction. An extensive array of lateral links, connecting the stereocilia of the same and different rows on the hair cell, was also seen. In addition, the surface membranes of the stereocilia had a granular appearance. Following intermediate and long periods of postfixation in osmium tetroxide, crosslinks were rarely seen, and the stereocilia had smooth or wavy rather than granular surface membranes. Moreover, the spatial organization of the stereocilia, particularly on inner hair cells, was disrupted. In tissue postfixed for short periods, it was possible to map the directions of the vertically pointing links, and see the three-dimensional arrangement of the stereocilia. It was shown that the V-shape of the rows of stereocilia on outer hair cells, and the straight-line arrangement of the stereocilia on inner hair cells, were both appropriate for a maximal sensitivity of the hair cells to deflection of their stereocilia in a radial direction. It is suggested that the differences in the shape of the rows on inner and outer hair cells are derived from the different packing of the stereocilia on the two types of hair cell.